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Abstract

Aim: To study the effects of viscosity of oral moisturizers and residual ridge form on the
retention force of maxillary complete dentures.

Methods: Thirty-five maxillary edentulous participants were recruited. Three types of oral
moisturizers with different viscosities, artificial saliva, and denture adhesive were used. These
were applied between the intaglio surface of the denture and basal seat mucosa. The central
incisor was loaded 45° upward to the occlusal plane. The force needed to dislodge the denture
was measured using a digital force gauge. Dental impressions of the polished surfaces and
intaglio surfaces of the maxillary complete dentures were obtained. Then, duplicate dentures
were cast using auto polymerizing acrylic resin. The buccolingual molar residual ridge form was
assessed using the dental impressions. The duplicate denture was used to measure the positional
relationship of the central incisor edge, anterior residual ridge crest, and posterior border of
dentures. The effect of residual ridge form on retention force was analyzed.

Results: The gel-type oral moisturizer showed significantly greater retention than the
other types (P < .05). The retention force and buccolingual molar residual ridge form were not
correlated. As the ratio of the distance from the central incisor to the anterior residual ridge
crest and the distance from the anterior residual ridge crest to the posterior denture border
increased, retention force decreased (r = -0.352; P < .01).

Conclusion: The results indicate that the retention force of dentures is affected by oral
moisturizer viscosity and the relative position of the anterior residual ridge crest.

INTRODUCTION

It is believed that the increase in the number of intractable

The proportion of elderly people in Japan (aged > 65) is  cases would result in the increased use of denture adhesive

increasing at a rapid rate and is the highest in the world; the
elderly now account for 26.0% of the total population, which
is the highest figure on record, and the proportion is predicted
to increase further over the next 30 years [1]. Although the
total number of patients with complete dentures has remained
stable, due to a rise in the number of those with persistent teeth,
it is anticipated that the number of intractable cases will rise
in tandem with the increasing life-span. A history of systemic
disease [2-5], increased xerostomia [5-8], and changes in residual
ridge resorption and jaw position [5,9,10], make complete
denture retention difficult. Complete denture treatment affects
the quality of life of the elderly and their prognosis [2 5,9,11-13].
Accordingly, there is an increasing demand for better quality
complete dentures.

creams for denture retention and stabilization. Denture adhesive
creams are designed to increase the retention force of dentures;
upon hydration with saliva and water, their viscosity increases,
and the viscous adhesive interposes itself between the intaglio
surface of the denture and basal seat mucosa [10], increasing
the retention force. However, denture adhesive creams are
difficult to remove from the oral mucosa [14]. Furthermore,
when left in the oral cavity, the adhesive creams become hotbeds
of bacteria, posing a significant oral health risk [14,15]. Given
the risks associated with denture adhesive use, our previous
studies focused on the use of oral moisturizers, which are used
in symptomatic xerostomia treatment. The effect of differences
in the physical properties of oral moisturizers on retention force
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was evaluated using an upper edentulous model (G10 FE - 402 K,
Nissin, Tokyo). It was found that highly viscous oral moisturizers
increase retention force to the same extent as denture adhesives
[16]. There are a number of reports on the influence of denture
adhesives on retention force [17-22], however, only one study
investigated the effects of oral moisturizers on retention force
[20]. Our first null hypothesis was that highly viscous oral
moisturizers do not affect retention force in the oral cavity.
Therefore, a device to objectively measure the retention forces
of maxillary complete dentures was developed, and the optimal
site and loading method for measuring denture retention at chair
side were identified [23].

In our previous studies, reference values and a diagnostic
scale for assessing residual ridge height and shape were
established [24]. Residual ridge height and shape were previously
used to classify cases based on the Japan Prosthodontic Society’s
guidelines [25], in which it is suggested that these parameters are
closely correlated with the intractability of a disease. However,
very few studies have examined the effect of residual ridge height
and shape on retention force. Thus, the second null hypothesis
was that residual ridge height and shape do not affect denture
retention. In the present study, the loading site and residual ridge
assessment method that were developed in previous studies were
used to examine the effects of viscosity of oral moisturizers and
residual ridge form on the retention force of maxillary complete
dentures.

MATERIALS AND METHODS

Measuring the retention force of maxillary complete
dentures

Participants: The participants were 35 recall patients
using maxillary complete dentures that do not require intaglio
surface adjustment who visited the Department of Geriatric
Dentistry of the Showa University Dental Hospital (14 male and
21 female patients; average age, 81.3 + 6.7 years). Those with
residual dental root, which affects bone absorption, or mucosal
abnormalities, which could affect the measurements, were
excluded. No participant was allergic to oral moisturizers or
denture adhesives. Before participation, the participants received
a complete explanation of the purpose of the study and consented
to participation. The study was approved by the Medical Ethics
Committee of the Showa University School of Dentistry (Approval
No. 2013-043).

Mediating fluids: The fluids were applied between the
oral mucosa and the intaglio surface of the maxillary complete
dentures worn by the participants. From our previous study, five
mediating fluids were selected: an artificial saliva, three types of
oral moisturizer, and a denture adhesive. The details of each are
shown in Table 1, together with the manufacturer and viscosity
data, which were based on the results of Yamagaki et al. [16].
Viscosity was measured using a digital rotational viscometer
(Brookfield Rotational Viscometer®; Osaka, Japan). The viscosity
of two 500-mL samples from each subject was measured at a
temperature of 20°C. The average viscosity measure was used.

Measurement of the retention force: The retention force
measuring device used the same digital force gauge (Digital Force
gauge RX Series®; AIKOH ENGINEERING, Tokyo, Japan) as that
used by Yamagaki et al. [16]. The tension jig was fit using a hook-
shaped component. The tip of the component was processed so

Table 1: Details of the five mediating fluids.
Viscosity
Materials Type Manufacturer
(mPa- s)
Saliveht® Artificial Saliva Teijin Pharma, 6
Tokyo, Japan
Kissei Pharma
Oral .
Wet Care® . . Ceutical, Nagano, 2
moisturizer(Spray)
Japan
Oral balance Oral
Liquid® moisturizer(Liquid) T&K, Tokyo, Japan 13,000
Biotene Oral . .
balance Jell® Oral moisturizer(Gel) T&K, Tokyo, Japan 490,000
New . Glaxo Smith Kline,
Poligrip® Sa Denture adhesive Tokyo, Japan Unmeasurable

as not to deviate from the measurement site. An acrylic plate was
attached at a 45° angle to prevent damage to the participant’s
oral mucosa or dentures during dislodgment (Figure 1).

The retention force measuring device was positioned in a
way that allowed vertical tension and thereby ensured stable
measurement (the occlusal plane was set at 45° relative to the
floor). The measurement site was the incisal edge of the central
incisors (Figure 2). Kakuda et al., suggested that the measurement
site is optimal site for measurement of maxillary complete
denture retention force without the special jig and cracking [23].
Assuming denture dislodgement, the measurement direction
was 45° with respect to the occlusal plane. The force required to
dislodge the denture was considered as the retention force.

Retention force was measured in the following order: First,
an initial measurement was conducted without interposing
any liquid. Next, retention force was measured with artificial
saliva and the three types of oral moisturizers, six times each.
The first of these measurements was excluded to adjust for
instability due to changes in mucosa viscosity. Finally, the

Figure 1 Photograph of a digital force gauge. The image shows the
tension jig that was fitted using a hook-shaped component and the
acrylic plate attached at a 45° angle.

Figure 2 Measurement landscape and measurement position. The
participant’s occlusal plane was at 45° relative to the floor. Spot
indicated by the arrow is the tension position and the incisal edge of
the central incisors.
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retention force was measured once with the denture adhesive.
Because of the difficulty of removing the denture adhesive from
the intaglio surface of the denture and basal seat mucosa, only
one measurement was conducted with the denture adhesive.
The volume of mediating fluid used was the volume that fully
covered the intaglio surface of the denture. To fit the denture
into the oral cavity, approximately 20 N of force was applied (the
same researcher applied the pressure and practiced applying a
constant force on models before the experiment) for 10 seconds,
after which the measurement was conducted. Traction was
exerted at a fixed rate of 0.5 N/s.

Measurement was discontinued when the measured value
exceeded 20 N, as preliminary research indicated that this
level of pressure can cause pain and impede measurement, or
when the participant complained of pain. If the aforementioned
impediments to measurement occurred twice, subsequent
measurements were discontinued.

Measuring residual ridge form

Dental impression and casting of duplicate dentures:
To analyze the effect of residual ridge form on retention force,
duplicate dentures were casted. First, dental impressions of the
polished surfaces were obtained using a silicone impression
material (Examixfine® putty type and injection type; GC,
Tokyo, Japan) and impression tray (Rimrocktray®; DENTSPLY
SANKIN, Tochigi, Japan). Second, intaglio surface of the maxillary
complete dentures were obtained using these materials. Then, a
duplicate denture was casted by pouring a denture impression
auto polymerizing acrylic resin (Tray resin®, SHOFU INC., Kyoto,
Japan) onto the impressions (Figure 3). Production method was
based on the methods of Kakuda et al. [23].

Measuring buccolingual molar residual ridge height
and shape: Measurements were conducted using the method
developed by Ishibashi et al. [24]. Using a supporting tissue scale,
dental impressions were measured for the height and shape of
the residual ridge of the retrozygomatic fossa of the right and
left first molars (15 mm forward from the front edge of the
hamular notch) (Figure 4). The residual ridge height values were
divided into three categories: low (< 6 mm), middle (2 6 mm and
< 10 mm), and high (2 10 mm). The residual ridge shape was
categorized as follows: flat, V, UV (middle), and U. In cases where
the residual ridge height was deemed to be low, the residual
ridge shape was considered to be flat. When the width was < 7
mm, it was categorized as V; when the width was 2 7 mm and <9
mm, it was categorized as UV; and when the width was = 9 mm,
it was categorized as U (Figure 5). Complete denture treatment
is considered to be easier in patients with a “high” residual ridge
height, followed by “middle”, and “low”. Regarding the residual

Figure 3 Impressions of the polished surfaces and basal surfaces
of the maxillary complete dentures and the duplicate denture. The
duplicate denture was made from autopolymerizing acrylic resin.

Figure 4 Supporting tissue scale and measurement landscape.
The supporting tissue scale is fit into the residual ridge of the
retrozygomatic fossa of the right and left first molars.
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Figure 5 Details of residual ridge height and shape.

Classification of the residual ridge height;

Low: < 6 mm, middle: 26 mm and < 10 mm, high 210 mm.
Classification of the residual ridge shape;

Flat: In cases where the residual ridge height was deemed to be low, V:
<7 mm, UV: 2 7 mm but <9 mm, U: 2 9 mm.

ridge shape, the ease of treatment increases in the order flat, V,
UV, U [25]. Hence, the residual ridge height and residual ridge
shape were measured on both sides and the side with poorer
residual ridge height and shape was selected for comparison.
Based on these values, the influence of residual ridge height and
residual ridge shape on retention force was analyzed.

Measuring the positional relationship of central incisor
edge, anterior residual ridge crest, and posterior border of
dentures: In the measurement of tension force at the median of
the left and right central incisor edge, it was clear that a force
to dislodge the denture was added around the anterior residual
ridge crest. Hence, the positional relationship of the central
incisor edge, the anterior residual ridge crest, and the posterior
denture border were measured.

Using the duplicate dentures, measurements by two methods
were conducted. The first method involved projecting three
points of the duplicate dentures—the incisal edge of the central
incisor, the anterior residual ridge crest, and the posterior border
of the duplicated denture onto an occlusal plane using a surveyor
(SURVEYOR KM-I®, GC, Tokyo, Japan). The distances of the
three projected points were then measured. The second method
involved measuring the distances of the three points using
calipers (LABORATORY CALIPERS®, YDM Corporation, Tokyo,
Japan) (Figure 6).

The relative position of the anterior residual ridge crest
against the distance of the posterior border of the duplicated
dentures from the central incisor edge was examined. The
influence of each position and the relative positions of the
anterior residual ridge crest against the distance of the posterior
border of the duplicated dentures from the central incisor edge
on retention force was analyzed.

Statistical analysis: For all the measurements, the Shapiro-
Wilk test was performed as a test for normality (P <.05).
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Figure 6 Image showing the effort at the median of the left and right
central incisor edge. In this case, the fulcrum is the anterior residual
ridge crest and the load is the posterior denture border. The figure
on the lower middle the measurement site for the first measurement
method. The figure on the lower shows the measurement site for the
second measurement method.

Using the Friedman test, an analysis of variance (ANOVA)
on the mean values for retention force under each of the four
conditions was performed. Then, a multiple comparison using
the Bonferroni method was performed (P <.05). For the analysis
of the height and shape of the molar residual ridge, the Kruskal-
Wallis test was performed (P <.05). Spearman’s rank correlation
coefficient was used to analyze the relationship between
retention force and the positional relationship of the central
incisor edge, the anterior residual ridge crest, and the posterior
denture border (P < .01). For statistical analysis, SPSS (version
19; SPAW Statistics Base 19®; IBM, Tokyo, Japan) was used.

RESULTS
Retention force under the six conditions

Of the 35 participants, one participant had a measured value
that exceeded 20 N, and one participant complained of pain;
hence, for these participants, measurement was discontinued.
Therefore, the data for the remaining 33 participants were
analyzed.

According to our results, retention force values with the gel-
type oral moisturizer were the highest compared to the artificial
saliva and other oral moisturizers (P <.05) (Table 2 and Figure 7).
The average retention force without interposing any liquid was
4.4 + 2.5 N. The average retention force with denture adhesive
was 5.3 +2.1N.

Correlation between retention force, and buccolingual
molar residual ridge height and residual ridge shape

The residual ridge height was classified as low in 10
participants, as middle in 19, and as high in 4. A significant
relationship between the residual ridge height and retention
force with mediating artificial saliva was not observed (P >.05).
Ten subjects had a flat residual ridge shape; 5 had a V shape; 10
had a UV shape; and 8 had a U shape. A significant relationship
between the residual ridge shape and retention force with

mediating artificial saliva was not observed (P >.05) (Table
3). Significant relationships between the residual ridge height
and shape and retention force with oral moisturizers were not
observed (P >.05).

Correlation between retention force and the positional
relationships of the central incisor edge, the anterior
residual ridge crest, and the posterior denture border

When the distances were measured by projecting these three
points onto the occlusal plane (first measurement method),
there were no significant correlation between the distances and
retention force with mediating artificial saliva. There were no
significant correlation between the “ratio of the distance of the
anterior residual ridge crest from the central incisor edge (b)
to the distance of the posterior border of the denture from the
central incisor edge (a)” and retention force with three types
of oral moisturizers. When the distances were measured using
calipers (second measurement method), there was a significant
negative correlation between the “ratio of the distance of the
anterior residual ridge crest from the central incisor edge (e)
to the distance of the posterior border of the denture from the
central incisor edge (d)” and retention force with mediating
artificial saliva (Table 4 and Figure 8). Although, there was a
significant negative correlation between the “ratio of the distance
of (e) to the distance of (d)” and retention force with gel type of

Table 2: Retention forcesunder four conditions:multiple comparison
test (n = 33).
Samplel- Test- Std.- Std. Test- si Adjusted.
Sample2 statistics  Error statistics & Sig.
Artificial Saliva- o6 469 41250 211 1.000
Spray
Artificial Saliva- ;15 461 3200 001 015
Liquid
Artificial Saliva- | 3335 461 -7237 000 .000
Gel
Spray-Liquid -939 461 -2.040 .041 621
Spray-Gel -2.758 461 -5.987 .000 .000
Liquid-Gel -1.818 461 -3.948 .000 .001
The liquid-type oral moisturizer yielded significantly greater retention
force than artificial saliva (P< .05). Retention force values with the gel-
type oral moisturizer were the highest (P<.05).

P <.05
(N)12 1 a ab b c
10
s &7
g 6 1
-
m 4 p
2 J
0
— Artificial Spray Liquid Gel

Saliva

Figure 7 Graph showing the mean value of the retention forces
under four conditions. The same letters indicate a non-significant
relationship.
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Table 3: Relationship between retention force with mediating artificial saliva, and residual ridge height and shape (n = 33).
Median (SD)
Height Shape
Low middle high flat \% uv U
Artificial Saliva 39+14 4015 4.7+28 39+15 4.6 +2.3 42+13 3.8+2.0
Comparison NS NS

Abbreviations: NS: Not Significant (Kruskal-Wallis, ANOVA)

A significant relationship between the residual ridge height/shape and retention force with mediating artificial saliva was not observed(P>.05).

Table 4: Correlation between retention force with mediating artificial saliva and various distances (n = 33).

a b c b/a b/c d e f e/d e/f
Artificial . -
Saliva Correlation Coefficient 0.136 | -0.113 | 0.329 @ -0.289 -0.181 -0.216 -0.326 | 0.071 | -0.352 | *  -0.302
Sig. (2-tailed) 0.450 0.530 0.062 0.102 0.312 0.228 0.064 0.695 0.045 0.088
N 33 33 33 33 33 33 33 33 33 33

*Statistically significant (P <.01 2-tailed)

a= Distance of the central incisor edge to the posterior denture border by the first measuring method.

b= Distance of the central incisor edge to the anterior residual ridge crestby the first measuring method.

c= Distance of the anterior residual ridge crest to the posterior denture border by the first measuring method.
d= Distance of the central incisor edge to the posterior denture border by the second measuring method.

e= Distance of the central incisor edge to the anterior residual ridge crest by the second measuring method.

f= Distance of the anterior residual ridge crest to the posterior denture border by the second measuring method.

(N)10
=-0.35 N
81 P<.01 ’
c :
2 6
T
2
o4
21
0
0 0.1 0.2 0.3 04 05 06
e/d

Figure 8 Correlation between retention force mediating artificial
saliva and “ratio of distance of the anterior residual ridge crest from
the central incisor edge (e) relative to distance of posterior border
of the denture from central incisor edge (d)” as per the second
measurement method.

oral moisturizer (r=-0.515), but not for spray and liquid types of
oral moisturizers.

DISCUSSION

The mediating fluids were determined after referring to
previous studies. Kawazoe et al. reported that both excessively
high and excessively low amounts of saliva interposed between
the denture base and the basal seat mucosa weaken retention
force, suggesting that the optimal amount of interposing saliva
varies from individual to individual [26]. Yamagaki et al., reported
that stable retention force readings were obtained when the
entire surface of a model was covered with the mediating fluid
[16]. Given that there is no definite optimal volume of mediating
fluid, the volume that fully covered the basal surface of the
denture was chosen.

Five different fluids were selected as mediating fluids:
artificial saliva, three types of oral moisturizers of varying
viscosities, and a denture adhesive. The reasons for selecting
these fluids are as follows. Artificial saliva has largely the same
inorganic electrolyte composition as normal saliva. Many
studies, such as that by Ostlund et al., report that differences
in the properties, composition, and amounts of saliva have a
considerable effect on retention force [7, 20,26,27]. The purpose
of this measurement was to check whether measurements could
be conducted without hurting the participant and to obtain
reference values of retention force. Furthermore, to compare
the effect of height and shape of the molar residual ridge and the
relative positions of the central incisor edge, the anterior residual
ridge crest, and the posterior border of the duplicate denture on
retention force, while controlling for saliva condition differences
among the participants, artificial saliva with a viscosity similar
to human saliva was used as the mediating fluid. Yamagaki
et al, reported that the more viscous the oral moisturizer
is, the greater the retention force will be on the model [16].
Accordingly, to clarify the relationship between the viscosity
of oral moisturizer and the retention force of the maxillary
complete dentures worn by the participants, three types of oral
moisturizers with varying viscosities were selected. Yamagaki
et al,, reported that highly viscous oral moisturizers may act as
substitutes to denture adhesives. Accordingly, to compare their
effect with that of oral moisturizers, the retention force was also
measured when denture adhesive was used as the mediating
fluid. This study rejected the first null hypothesis that highly
viscous oral moisturizers do not affect retention force in the oral
cavity. Oral moisturizers with higher viscosity yielded higher
retention force values in the maxillary complete dentures worn
by the participants. This finding reveals that oral moisturizers
have the potential to increase the retention force of dentures.
Although the viscosity of the denture adhesive was higher than
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that of the oral moisturizers, the retention force obtained with
the gel type of oral moisturizer was higher than that obtained
with the denture adhesive. The optimal use of oral moisturizers
for denture retention has not yet been determined. The time used
to pressure-fit the denture (10 s) in this study was based on our
previous research. This finding suggests that the time required
for denture adhesives to take hold in the oral cavity is longer
than the pressure-fitting time used in this study, and that oral
moisturizers may be suitable for denture retention, atleast in the
short-term. Further studies are needed in order to investigate the
duration that oral moisturizers can sustain their retentive force,
and the feasibility of long-term use.

There is no globally standardized method for assessing
the height and shape of the buccolingual molar residual ridge
[25,28]. A previous study suggested that bone absorption
reduces retention force [10], but the only study that measured
the height and shape of the residual ridge based on a measuring
method analogous to that used in our study, and compared them
to retention force is the study by Kakuda et al. [23]. This study
failed to reject the second null hypothesis that residual ridge
height and shape do not affect denture retention. In our study,
no significant correlation was observed between the height and
shape of the residual ridge and retention force. Retention force
was measured at the incisal edge of the central incisors. The
fulcrum was the anterior residual ridge crest. Hence, the height
and shape of the buccolingual molar residual ridge could not have
a significant influence on retention force. However, the study had
a small number of participants with which to compare the effect
of height and shape of the residual ridge on denture retention.
Moreover, denture retention may be affected by other factors,
such as biological and mechanical factors [9]. Further studies to
validate the results of our study are warranted.

A previous study demonstrated that the position of the
posterior border of the denture is important to the retention
force of maxillary complete dentures [9]. However, only a single
report on the effects of the positional relationship of the central
incisor edge, the anterior residual ridge crest, and the posterior
border of the denture on retention force exists [23]. Therefore,
the positional relationship of the central incisor edge, the anterior
residual ridge crest, and the posterior border of the denture was
measured using two methods. Regarding the difference between
the two measuring methods, the first method examined the
anteroposterior position of the anterior residual ridge crest to
the distance of the posterior border of the denture from central
incisor edge (a) (which shows that bone absorption of only the
maxillary anterior residual ridge is inward). The second method
examined the up-down anteroposterior position of the anterior
residual ridge crest to the distance of the posterior border of the
denture from the central incisor edge (d) (which shows that bone
absorption of the maxillary anterior residual ridge are upward
and inward). Accordingly, correlation between retention forces
with artificial saliva was only observed in the results from the
second measuring method, which describes the bone absorption
of the maxillary anterior residual ridge, which takes place in an
organism.

Retention force measurement methods that use the incisal
edge of the central incisors are not highly dependent on the

position of the posterior border of the denture. Retention force
measurement methods that use the incisal edge of the central
incisors are highly dependent on the up-down anteroposterior
position of the anterior residual ridge crest to the distance of
the posterior border of the denture from central incisor edge,
as in this study. This result suggests that the retention force of
maxillary complete dentures depends on not only the position
of the posterior border of the denture, but also on the relative
positions of the central incisor edge with respect to the distance
of the posterior border of the denture from central incisor edge.
Hence, these positions were considered.

In the future, it would be desirable to measure denture
retention force in a larger sample to evaluate how retention force
is affected by conditions such as the elasticity, thickness of the
mucous membrane and residual ridge, the shape of the palate. It
would also be desirable to clarify how xerostomia affects denture
retention force and to clarify the relationship between an
objective assessment of retention force and patients’ satisfaction
level with respect to each mediating fluid.

An understanding of these factors would enable the provision
of better quality maxillary complete dentures, thereby improving
the quality of life of edentulous elderly people.

CONCLUSION

Theresultsindicated thatthe more viscous an oral moisturizer
is, the greater the denture retention force will be. In addition, this
relationship is affected not only by the molar residual ridge form
but also by the relative position of the anterior residual ridge
crest.
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